Introduction
In patients with osteosarcoma in the proximal tibia, amputation is a common procedure. However, it is now becoming popular to preserve the affected limb utilizing wide resection even in patients with proximal tibial lesions, due to the introduction of preoperative chemotherapy and advances in diagnostic imaging. In many patients, the knee joint is reconstructed with a tumor prosthesis or an allograft after wide resection of the upper tibia [4, 8, 11, 14] . Reconstruction of the extensor apparatus of the knee joint is still a problem, and poor soft tissue coverage of the prosthesis or allograft results in impaired wound healing and an increased risk of deep infection [9, 10] . If the patient's own knee joint structure can be preserved while allowing a safe surgical margin of excision, better functional results may be obtained for a long period. We describe a patient with osteosarcoma in the proximal tibia who underwent a successful limbsaving operation with preservation of the epiphyseal and articular cartilage of the proximal tibia, with reconstruction using autoclaved autogenous bone combined with vascularized fibular grafting.
Case report
A 12-year-old boy complained of slowly increasing mild pain and swelling of the right knee region for about 1 month, beginning in April 1993. He visited our hospital at the end of May 1993. As imaging findings indicated osteosarcoma in the proximal tibia (Fig. 1) , a biopsy was performed immediately after admission. A diagnosis of osteosarcoma of the proximal tibia was confirmed histologically (Fig. 2) , and preoperative chemotherapy was started in June 1993. The multi-drug combination chemotherapy regimen consisted of two cycles of Doxrubicin (30×2 mg/M) and Cisplatin (120 mg/M) and two of two consecutive weekly administrations of high dose methotrexate (12 g/M) preoperatively. The preoperative X-ray after chemotherapy showed sclerotic changes and definite periosteal lamellation. CT showed a remarkable reduction of the soft tissue expansion of the tumor. MRI after preoperative chemotherapy showed no tumor extension beyond the proximal physis from the metaphyseal region of the tibia (Fig. 3) . The alkaline phosphatase was decreased and angiograms showed diminished vascularity.
Operative procedures
It was decided to resect the tumour preserving the epiphysis of the proximal tibia and the knee joint because of the effective preoperative chemotherapy and because the tumour did not involve the proximal epiphysis of the tibia, as demonstrated by MRI findings. The limb-saving operation was performed in September 1993. Under general anesthesia, the patient was placed in the supine position. Using an anterior longitudinal incision, the extraskeletal tumour mass was dissected with overlying normal muscles and adipose tissue. The anterior tibial artery and vein and the peroneal nerve were sacrificed, as there was anterolateral expansion of the tumour. The tibia was dissected distally in the diaphyseal portion 16 cm away from the knee joint and proximally just above the epiphyseal growth plate. Both the cruciate and collateral ligaments as well as the menisci were preserved. The tumor and soft tissue mass around the resected tibia were removed and the bone was autoclaved at 1.3 kg/cm 2 , 125°C for 20 min. A gutter was excaved along the anterolateral side of the autoclaved bone which was firmly fixed to the remaining distal tibia with plate and to the preserved epiphyseal portion by tension-band wiring. The vascularized fibular graft was placed in the gutter. The preserved patella tendon was sutured to the soft tissues at the top of the vascularized fibular graft (Fig. 4) . During the operation, biopsy specimens from the bone marrow of the remaining proximal tibial epiphysis were obtained. We found no tumour cells or tissue in either frozen or permanent sections.
Postoperative course
Postoperative chemotherapy, with two cycles of Doxrubicin (30 mg × 2 M) and Cisplatin (120 mg/M) and three cycles of two consecutive weekly high-dose Methotrexate (12 g/M), was started 3 weeks after surgery, with external fixation for 8 weeks; a long leg brace was then worn for 12 months. Movement of the knee was begun 3 months postoperatively, as callus for- mation was seen on X-ray. Bony union was achieved 10 months after surgery, and then weightbearing was allowed. The range of motion is now is 0-130°, and the knee extension is excellent with no lag (Fig. 5b) . The Enneking functional evaluation score was 28 out of 30 points (93.3%). No bone resorption or atrophy was seen at the preserved epiphyseal portion upon X-ray (Fig. 5a ). He has grown 16 cm during the 55 months since the operation and reached a height of 151 cm; limb length discrepancy is only 3 cm with no problems in the activities of daily living. The patient has had no local recurrence, and no evidence of any metastatic disease was discovered during the 61-month follow-up.
Discussion
At present, limb-saving procedures with wide resection have been performed after preoperative chemotherapy in more than 70% of patients with malignant bone tumours in the extremities. Two important questions which need to be answered in order to implement limb salvage are (1) how to maintain a sufficient margin for achieving wide resection and (2) how to functionally reconstruct the bone and joint which are sacrificed during wide resection.
It is important to estimate the resection margin of the tumours. When the lesion lies close to the growth plate, preservation of the epiphysis appears extremely risky. Generally, the joint adjacent to the tumours in the metaphyseal region is sacrificed in a limb-saving operation. Cartilage tissue inhibits the growth and invasion of the tumour by releasing anti-angiogenic or anti-proliferative factors [1, 6, 7] . Tumour expansion from the metaphysis of the long bone is limited by the growth plate in some resected specimens of osteosarcoma [3] . In some metaphyseal osteosarcoma, however, tumour tissue perforates the physis with vascular channels and extends beneath the perichondral ring and capsular structure [12] . Generally, the physis appeared to have a tendency to act as a barrier to tumour spread.
MRI cannot demonstrate epiphyseal extension of the tumour tissue preoperatively, although it is the most reliable tool for the evaluation of tumour extension in bone marrow. If MRI shows changes of signal intensity from normal bone marrow in the epiphysis, tumour invasion is strongly suspected. However, MRI without abnormal signal intensity in epiphyseal bone marrow cannot rule out tumour extension from the metaphysis. At present, we do not have a useful method to evaluate accurately the absence of tumour extension to the epiphysis. Effective chemotherapy may make the surgical resection margin of an osteosarcoma narrower. Historically, pulmonary metastases from osteosarcoma were significantly inhibited by the introduction of intensive chemotherapy, and the survival rate of patients with osteosarcoma increased remarkably. Elimination of pulmonary micrometastases by chemotherapy should cause prolonged survival, as will the destruction of microsatellite lesions around the primary tumours, which appear to be a risk factor of local recurrence. Based on these results, it is possible for surgery with reduction of the resection margin to be successful.
In the present case, the absence of invasion of the tumour to the epiphysis, as demonstrated by image findings and effective preoperative chemotherapy made tumour resection with preservation of the epiphysis the decision of choice; we have never experienced necrosis of epiphysis and local recurrence. Canadell et al. [2] reported no necrosis of the epiphysis portions and no local recurrence in patients preserving the adjacent epiphysis in malignant bone tumours located in the metaphyseal regions. Simon et al. [12] reported that epiphyseal extension of the tumour tissue was massive in more than half of skeletally immature patients with metaphyseal osteosarcoma before the introduction of intensive chemotherapy.
The best surgical procedure for reconstruction of osteosarcoma in the proximal tibia is uncertain. Some orthopedic surgeons prefer amputation, as no useful artificial joints exist and it is difficult to use allografts because of postoperative complications. It is possible to use an endoprosthetic replacement for reconstruction of the knee joint after wide resection of the tumour in the proximal tibia [4, 9, 10, 11, 14] . Expandable prostheses have also been used successfully for skeletally immature patients with malignant bone tumours in the proximal tibia [5] .
However, the proximal tibia represents a special site for endoprosthetic replacement, because of its subcutaneous nature and repair of the extensor mechanism to the prosthesis is at times difficult. Transfers of the gastrocnemius muscles to the front of the tibia and the transposition of the fibula for adequate soft tissue coverage and reconstruction of the extensor mechanism have been performed, but the complication rate is high [9, 10] . Therefore, intercallary autoclaved bone grafts were used for the reconstruction of bone defect in this patient. The advantages of an autoclaved bone graft are that the graft corresponds to the size and contour of the defect, there is no rejection by the host, and it is easy to obtain as it is the subject's own tissue. The disadvantages of autoclaved bone are that it takes a long time to revascularize and incorporate into bone, and the bone itself is brittle and it becomes mechanically weaker for resorption [13] . Therefore, vascularized fibular grafts were added to the autoclaved autogeneous graft, and excellent results, both oncologically and functionally, were obtained.
A later complication that may arise is the discrepancy of limb length at the end of growth if younger patients undergo this type of operation. More than 5 cm discrepancy of length could be sufficiently severe to negate most advantages of preservation. However, the sacrifice of the proximal tibial physis with the preservation of the distal femoral epiphysis, being one of the most active physis in the lower extremity, Fig. 5a , b. The latest roentgenograms 55 months postoperation (a) showed no bone resorption or atrophy at the preserved epiphyseal portion and complete bone union. The knee joint is functioning well (b). The range of motion of the knee is 0-120 degrees, and the extensor mechanism funcitons satisfactorily did not cause severe discrepancy in limb length of the 12-year-old patient.
